1 2 3 4 Room without a view -den construction in relation to body size in brown bears. 5 6 7 8 Abstract 29 Hibernation is an adaptive strategy to survive harsh winter conditions and food shortage.
Page 9 164 extracting a premolar tooth and counting cementum annuli [39] . Bears captured after 5 May 165 were excluded from the analysis to avoid changes in weight or body condition after leaving 166 the den, which might affect the results [40] . 167 The SBBRP has collected data on winter dens from 1986 to 2016. Winter dens 168 were categorized into 3 types, anthill dens, anthill/soil dens (20-80 % of the den material 169 consisted of an anthill and the rest of soil), and soil dens (> 80% of the den material was 170 soil) [41] . For each den, we recorded size (length x width x height) of the whole den (i.e., 171 on the outside), as well as the size of the den cavity, wall/roof thickness, size of bedding 172 materials (length x depth), and habitat information, such as the number of trees (>10 cm 173 circumference at chest height) within a 10-m radius around a den. In this study, we only 174 used data from solitary bears that used anthill, anthill/soil, and soil dens, and did not change 175 dens during the winter. ℎ ( ) 2 Because we only used individuals that were captured after hibernation in this 209 analysis, loss of fat or body mass during hibernation could not be obtained. Instead, we 210 used a post-hibernation body condition index (BCI) to evaluate the relative energy status of 211 bears after hibernation [41] , which can be considered as an index of energy conservation 212 during hibernation. The BCI defines body condition as total body mass (kg) relative to 213 body size (cm) [41] . We calculated BCI as the standardized residual from the linear 214 regression of body mass (kg) against linear body length (cm). Both body mass and linear 215 body length were log-transformed [41] . We confirmed that there is no correlation between 216 the calculated BCI and linear body length (r = 0.031, p = 0.801, n = 68).
217
To test out hypothesis and predictions, we used linear mixed effects models to 218 examine the impact of potential variables on 1) cavity size, 2) body-cavity ratio, and 3) Page 14
270 Akaike model weight. β is the parameter estimate, SE is the standard error, confidence 271 interval is 95% confidence interval, t is the t-value, and p is the p-value.
273
The most parsimonious model explaining body-cavity ratio included age and sex as 274 predictor variables (Table 2) . Body-cavity ratio increased significantly with age, but sex did 275 not have a significant effect on body-cavity ratio ( Table 2) .
276 Our main findings were that bears excavated a den cavity in relation to their body 305 size, that older bears excavated better-fitting den cavities by reducing the amount of space 306 between den wall and their bodies, and that physical properties of excavated winter dens We are grateful to the many field works and volunteers that have contributed to the 353 data collection for this study during the course of the years. We especially acknowledge the 
